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thrombotic syndrome.10 There is a possibility that chronic
venous disease develops in patients who have undergone
major venous resection. These symptoms can be caused
mainly by venous obstruction. However, reflux in the
remnant veins may exist, especially after the development
of large incompetent collateral veins.
Usually, reports of tumors of the lower extremity
include lesions of the groin, thigh, buttocks, the iliac fossa,
and the wall of the lesser pelvis.5 In this report, we also
included retroperitoneal tumors that required combined
resection of the infrarenal aorta, infrarenal inferior vena
cava (IVC), or iliac vessels. We studied the long-term
results after limb-sparing surgery with major vascular
resection in patients with malignant tumors or aggressive
benign tumors of the lower extremity or retroperitoneum.
Particular attention was paid to the incidence of chronic
venous disease. Air plethysmography (APG) was used for
the evaluation of venous function.
MATERIAL AND METHODS
Between January 1991 and December 1997, 13
patients with a malignant tumor or aggressive benign
tumor of the lower extremity or retroperitoneum required
major vascular resection with reconstruction to permit
limb-sparing en bloc resection. All operations were per-
formed at the Nagoya University Hospital. The major
arteries were reconstructed by the vascular surgeons. The
veins were not reconstructed. Of these 13 patients, 10
were alive in September 1999. These 10 patients were
examined for chronic venous disease and patency of the
arterial reconstruction. The five males and five females had
Limb-sparing procedures have recently replaced ampu-
tations as the standard treatment for malignant tumors of
the lower extremity.1 In the past, the amputation rate for
soft tissue sarcomas of the extremity was 40% to 47%.2
However, the amputation rate has decreased to 2% to 4%
without any adverse effect on recurrence and survival
because of recent advances in multimodality treatment
with surgical resection, radiation, and chemotherapy.2-5 In
this modern strategy, involvement of major arteries and
veins is not considered a contraindication to limb-sparing
surgery if the arteries can be reconstructed. Venous recon-
struction is not usually performed in this situation because
it does not directly have an impact on limb salvage.
There are few reports of major vascular resections for
lower extremity tumors. Most have included less than 15
patients because malignant tumors of the lower extremity
are relatively rare.1,3,6-9 These reports have mainly
detailed the results of arterial reconstruction and limb sal-
vage. The long-term effects of venous resection have not
been reported. However, ligation of the major vein after
vascular injury sometimes causes chronic venous disease
with swelling and venous stasis changes, similar to post-
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Purpose: Limb-sparing procedures have recently replaced amputations as the treatment for tumors invading major ves-
sels of the lower extremity. Major arteries must be reconstructed for limb salvage. The veins are not usually recon-
structed. This study was undertaken to investigate the sequelae such as chronic venous disease after venous resection
for tumors.
Methods: Ten patients who underwent limb-sparing surgery for a tumor of the lower extremity or retroperitoneum that
required major vascular resection were studied. The median follow-up period was 48 months. After combined resec-
tion of a major artery and vein, arterial reconstruction was performed. The veins were not reconstructed. The resected
veins included the inferior vena cava (n = 2), the external iliac and common femoral veins (n = 3), the superficial femoral
vein (n = 3), and the popliteal vein (n = 2). The main outcome measures were clinical classification of chronic venous
disease in 10 patients and air plethysmography in seven patients.
Results: Clinical classification was C0A in 6 patients, C3A in 1 patient, C3S in 2 patients, and C4S in 1 patient. Venous
claudication with uncontrollable edema was observed in two patients with C3S disease. Pain and itching with inflam-
matory skin changes were observed in one patient with C4S disease. These three patients had undergone resection of
the femoral vein, including the deep femoral vein along with proximal adductor muscles. Air plethysmography revealed
that the ejection fraction was significantly lower and the residual volume fraction was significantly higher in the three
patients with symptoms than in symptom-free patients.
Conclusions: Significant chronic venous disease was observed in the patients who underwent combined resection of the
femoral vein, the deep femoral vein, and the adductor muscles for a tumor. (J Vasc Surg 2001;33:694-9.)
a median age at the time of operation of 29 years (range,
12-70 years). Preoperative examination, including arteri-
ography and contrast enhancement computed tomogra-
phy scanning, revealed no occlusion of the involved
arteries or veins in any of the patients. The median follow-
up period was 48 months (range, 22-105 months) (Table
I). The tumors were located in the retroperitoneum (n =
4), groin (n = 1), thigh (n = 3), and popliteal fossa (n = 2)
(Table I). Resection was performed for local recurrence 
(n = 2), lymph node metastasis (n = 1), or a primary tumor
(n = 7). Three patients (cases 1, 4, and 10) underwent
preoperative radiotherapy. Nine patients (cases 1, 2, 3, 4,
5, 6, 8, 9, and 10) underwent chemotherapy in the peri-
operative period. The resected veins included the
infrarenal IVC (n = 2), the external iliac and common
femoral veins (n = 3), the superficial femoral vein (n = 3),
and the popliteal vein (n = 2) (Table II). The resected
arteries are also listed in Table II. In eight cases interposi-
tion grafting was performed after the resection of the
external iliac, femoral, or popliteal artery by use of saphe-
nous vein graft harvested from the contralateral leg.
However, two of these eight interposition grafts became
occluded in the early postoperative period, presumably
because of poor vein graft quality. They were replaced with
a polytetrafluoroethylene (PTFE) graft (cases 3 and 6).
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Just after the operation, each patient had leg swelling. It
was successfully treated with bed rest, leg elevation, and
elastic bandage.
Evaluation of vascular status of the 10 living patients
was performed in our vascular outpatient clinic and vascu-
lar laboratory in October 1999, because earlier regular
postoperative follow-up monitoring was not being done.
Patency of the reconstructed artery was determined with
color-flow Doppler ultrasound scanning. Physical exami-
nation for venous disease was performed by the same vas-
cular surgeon (M.M.). Clinical classification of chronic
lower extremity venous disease was determined according
to the reporting standard in venous disease.11 Color-flow
Doppler ultrasound scanning was also used to examine for
thrombus in the remnant veins. APG was performed to
evaluate venous function of the lower extremity in seven
patients. APG was not possible in two patients (cases 5, 8)
because they could not stand without an exoskeletal
device. One patient (case 9) refused this examination. In
two patients who underwent IVC resection, APG mea-
surements were performed on the right leg.
APG measurements were made with a model 1000 air
plethysmograph (ACI Medical Inc, Sun Valley, Calif) with
a modification of previously described methods.12 After
calibration was performed with the patient in the supine
Table I. Patient characteristics
Case Age (y) Sex Tumor Location Follow-up period (mo)
1 12 Male Rhabdomyosarcoma Retroperitoneum 43
2 31 Male Extragonadal germ cell tumor Retroperitoneum 43
3 67 Male Liposarcoma Retroperitoneum 26
4 70 Female Liposarcoma Retroperitoneum, groin 22
5 27 Female LN metastasis of synovial sarcoma Groin 52
6 31 Male Extraosseous osteosarcoma Thigh 35
7 59 Female Neurogenic sarcoma Thigh 105
8 12 Female Osteosarcoma Thigh 54
9 12 Female Aggressive fibromatosis Popliteal fossa 98
10 22 Male Extraskeletal Ewing’s sarcoma Popliteal fossa 63
LN, Lymph node.
Table II. Operative details
Arterial
Case Side Resected veins Resected arteries reconstruction Graft
1 Infrarenal IVC, common iliac (bilateral) Infrarenal aorta, common iliac Aortobiiliac Knitted Dacron
(bilateral)
2 Infrarenal IVC, common iliac (bilateral) Common iliac (right) Femorofemoral PTFE
3 Left External iliac, common femoral External iliac, common femoral Interposition PTFE*
4 Left External iliac, common femoral External iliac, common femoral Interposition Saphenous vein
5 Right External iliac, common femoral External iliac, common femoral Interposition Saphenous vein
6 Left Common femoral, superficial femoral Common femoral, superficial femoral Interposition PTFE*
7 Right Superficial femoral Superficial femoral Interposition Saphenous vein
8 Left Superficial femoral, popliteal Superficial femoral, popliteal Interposition Saphenous vein
9 Left Popliteal Popliteal Interposition Saphenous vein
10 Left Popliteal Popliteal Interposition Saphenous vein
*Saphenous vein graft was occluded in the early postoperative period.
position, the zero venous volume of the leg was deter-
mined by passive elevation to 45 degrees. The subject was
asked to sit on the edge of an examination table with the
knee slightly flexed and the foot placed on the floor. The
increase in the leg volume to a new steady state represented
the functional venous volume (VV). The time taken to
achieve 90% of filling was defined as venous filling time 90
(VFT90). The venous filling index (VFI) was calculated as
VFI = 90% VV/VFT90. VFI was expressed in milliliters per
second and used as an indicator of venous reflux. The sub-
ject was then asked to do one dorsiflexion of the ankle. The
recorded decrease was determined as the ejected volume
(EV). After a new plateau was reached, the subject did 10
tiptoe movements at a rate of one per second. The residual
volume (RV) was calculated from the original baseline
value and the volume at the end of 10 tiptoe movements.
The ejection fraction (EF) was derived from: EF =
(EV/VV) × 100 and used as an indicator of calf muscle
pump function. The residual volume fraction (RVF) was
derived from: RVF = (RV/VV) × 100 and used as an indi-
cator of overall lower extremity venous function. In our
laboratory, the normal values are: VFI, less than 2.0 mL/s;
EF, more than 40%; and RVF, less than 50%. The 1-second
venous outflow (VO1) was measured with previously
described methods as an indicator of venous obstruction.13
Statistical significance was assessed by use of the
Mann-Whitney U test. A P value less than .05 was consid-
ered statistically significant.
RESULTS
Long-term patency of the arterial reconstruction
and limb salvage. One interposition vein graft (case 9)
was found to be occluded on postoperative arteriography
61 months after surgery. This occlusion was due to com-
pression by the recurrent tumor, which was subsequently
resected without arterial reconstruction. One interposi-
tion PTFE graft (case 3) was found to be occluded during
this study with color-flow Doppler ultrasound scanning.
The other eight bypass grafts were patent. The long-term
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limb salvage rate was 100%. The two patients with
occluded grafts did not have intermittent claudication.
Eight patients were fully ambulatory with almost nor-
mal activity. However, two patients (cases 5 and 8) needed
crutches because of orthopedic problems.
Long-term chronic venous disease. The clinical clas-
sification of venous disease was C0A in 6 patients, C3A in 1
patient, C3S in 2 patients, and C4S in 1 patient (Table III).
The two patients with C3S disease could work only with
elastic support stockings. They had severe edema and
venous claudication that were poorly controlled. These
symptoms started when the patients began to stand and
walk after the operation. One patient with C4S disease
experienced pain and itching in an area of skin pigmenta-
tion on the anteromedial surface of the leg. This patient
had moderate edema after the operation, and pigmenta-
tion developed 5 years after the operation. No patients
had active or healed venous ulcers.
The two patients who underwent resection of the IVC
had C0A disease. The two patients who underwent resec-
tion of the external iliac vein and common femoral vein
had C0A and C3S disease, respectively. The three patients
who underwent resection of the superficial femoral vein
had C3A, C3S, and C4S disease, respectively. The two
patients who underwent resection of the popliteal vein had
C0A disease. The patients who underwent complete resec-
tion of proximal adductor muscles along with removal of
both the femoral vein and the deep femoral vein had C3S
(n = 2) or C4S (n = 1) disease. The patients who under-
went partial muscle resection or muscle preservation had
C0A (n = 6) or C3A (n = 1) (Table III).
On this follow-up study, venous thrombosis was not
found in the residual vein segments in any of the patients
on color-flow Doppler ultrasound scanning. APG was 
performed in seven patients with clinical C0A (n = 4), C3S
(n = 2), and C4S (n = 1) disease (Table III). The three
patients with symptoms (2 C3S and 1 C4S) had a signifi-
cantly lower EF (P = .0339) and a significantly higher RVF
(P = .0339) than the four symptom-free patients (4 C0A)
Table III. Clinical classification and results of air plethysmography
Resected veins Muscle Clinical VO1 VFI EF RVF
Case Main Saphenous Other resection classification (mL) (mL/sec) (%) (%)
1 Infrarenal IVC, common iliac C0A 36.3 4.7 32.4 35.1
(bilateral)
2 Infrarenal IVC, common iliac C0A 22.8 2.8 58.8 41.0
(bilateral)
3 External iliac, common femoral Greater (FJ) Partial C0A 16.2 1.4 29.4 60.8
4 External iliac, common femoral Greater (FJ) Deep femoral Adductor C3S 19.5 2.6 22.8 68.3
5 External iliac, common femoral Greater (FJ) Partial C3A — — — —
6 Common femoral, superficial Greater (AK) Deep femoral Adductor C3s 22.7 2.8 11.1 79.9
femoral
7 Superficial femoral Deep femoral Adductor C4s 13.2 2.7 26.5 72.5
8 Superficial femoral, popliteal Lesser (PJ) Sup geniculate Partial C0A — — — —
9 Popliteal Lesser (PJ) Sup geniculate Partial C0A — — — —
10 Popliteal Lesser (PJ) Sup geniculate Partial C0A 9.5 1.4 39.0 53.6
FJ, Femoral junction; AK, above knee; PJ, popliteal junction; sup geniculate, superior geniculate branches.
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shorter in patients with trauma than in patients with tumors.
Venous reconstruction for trauma was also recommended to
decrease the risk of amputation.15 However, venous occlu-
sion appears to have no relationship to limb salvage in
patients who underwent venous resection for tumor.5,8,9
Accordingly, most surgeons do not perform venous recon-
struction in these cases.
The long-term results after venous resection for lower
(Fig 1). There was no significant difference in VFI
between patients with symptoms and symptom-free
patients (Fig 1). The VO1 was low in patients who under-
went resection of distal veins (Fig 2).
DISCUSSION
The long-term patency of arterial reconstruction after
major vessel resection for lower extremity soft tissue sarco-
mas is fairly good. In spite of late graft occlusion, the limbs
are usually preserved without ischemic symptoms because
of the development of collateral circulation.9 Therefore,
the long-term limb salvage rate is excellent, and amputa-
tion is rarely required if the tumor does not recur. The
absence of arterial occlusive disease in the inflow and out-
flow arteries may explain these good results. Perioperative
radiotherapy for tumor may cause adverse effects such as
graft occlusion or arterial blowout.14 However, we did not
find such complications in the three patients who under-
went preoperative radiotherapy. There appears to be no dif-
ference in long-term patency between saphenous vein
grafts and prosthetic grafts. Nevertheless, we use saphe-
nous vein graft harvested from the contralateral leg when
infrainguinal reconstruction is necessary.
Simultaneous venous reconstruction with arterial graft-
ing has been recommended by Fortner et al7 in patients who
underwent main vascular resection for tumor to prevent
massive intractable edema in the early postoperative period.
However, most of these venous grafts become occluded
soon after surgery.5,8,9 Furthermore, the edema after simple
venous resection or graft occlusion can be treated in most
cases by leg elevation and elastic support.5,6,8,9 In cases of
vascular trauma, on the contrary, Rich et al10 reported excel-
lent long-term results of venous reconstruction. It may be
because the length of the venous interposition graft is
Fig 1. Air plethysmography shows (A) VO1, (B) VFI, (C) EF, and (D) RVF. Three patients with symptoms had significantly lower EF
and significantly higher RVF than four symptom-free patients. VO1 and VFI were not related to symptoms.
Fig 2. Air plethysmography shows VO1 according to location of
resected vein. VO1 was lower with more distal resected veins.
IVC, Inferior vena cava; EI, external iliac vein; F, femoral vein; P,
popliteal vein.
ever, the VFI was worse in patients with symptoms,
although it was not statistically significant (Table III). The
reflux of remnant saphenous veins may have contributed to
the development of their symptoms because their greater
and lesser saphenous veins were left at least in part. The VFI
was also high in the two patients who underwent resection
of the IVC, although they were symptom free. These
patients should be monitored carefully for future develop-
ment of venous stasis caused by reflux. The VO1 was mea-
sured as a parameter of venous obstruction. The VO1 was
not reduced in the patients who underwent IVC resection.
It was lower in those who underwent resection of more dis-
tal veins. Therefore, development of collateral venous circu-
lation is easier with proximal venous occlusion.
From the standpoint of short-term results, venous
reconstruction is not essential. However, the indications for
venous reconstruction should be reconsidered on the basis
of long-term results. Beck et al21 have reported the long-
term results after inferior vena caval resection in 24 patients
with metastatic germ cell cancer. They found that venous
disability was severe (score 3) in one patient and moderate
(score 2) in two patients. Only the patient with a disability
score of 3 was considered a candidate for venous recon-
struction. In our study, the two patients with a venous dis-
ability score of 2 had severe edema and venous claudication
in spite of the use of elastic support stockings. One patient
also had the pigmentation and eczema of venous disease
over a large area of the leg. We may be able to predict the
occurrence of these symptoms in patients undergoing
removal of the femoral vein, the deep femoral vein, and the
proximal adductor muscles. It would therefore be prudent
to perform venous reconstruction when vein resection is
accompanied by removal of the surrounding musculature
and the main source of the collateral veins. We may prevent
late venous symptoms with simultaneous venous recon-
struction, as Rich et al10 found after the repair of the injured
vein. Saphenous vein graft from the contralateral leg has
been used usually for venous reconstruction.7,10 However,
there could be diameter discrepancy between donor and
recipient veins.10 The use of internal jugular vein or even
PTFE graft may be considered to increase the patency of
the venous reconstruction.
In conclusion, chronic venous disease may occur in
patients who had undergone limb-sparing surgery for a
tumor of the lower extremity, when the resection includes
major arteries and veins together with surrounding mus-
culature and the major source of collateral venous flow.
The long-term limb-salvage rate in these patients is excel-
lent. Patients undergoing resection of the femoral vein and
the deep femoral vein with the adductor muscles have high
possibility for development of chronic venous disease.
They are considered to be possible candidates for simulta-
neous venous reconstruction.
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